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Abstract 
The propellers used in most of the modern day aircraft are made up of high grade aluminium alloy and advanced aircraft use 
composite materials but they are high in cost and they undergo oxidation and to overcome this difficulty they could be replaced 
with the nylon 6-clay hybrids. The nylon also has excellent inertia and they inherent chemical resistance. They reduce the weight 
and the cost of the propellers and they can be installed easily in the aircrafts. There are several nylon 6-clay hybrids which are 
molecular composites of nylon 6 and also silicate layers of saponite and montmorillonite, Nylon clay hybrids and NCHP’s. The 
mechanical strength of the molecular composite is increased with increase in the clay minerals. The propellers are designed on 
the analysis made on the momentum theory from the thrust equation and the Bernoulli’s equation for upstream and downstream 
of the propellers.  The designing could be done on any 3D CAD software’s. The designed propeller can be manufactured by 
Fused Deposition Modelling (FDM) which is filament based rapid prototyping system process. It allows to build the component 
by selective layer on extruding a semi-molten polymer composite. The FDM process is assisted by a computer which posses the 
3D CAD design. The change in the tensile strength of the propellers during manufacturing can occur based on the x, y, z 
directions material addition. The nylon composite propellers manufactured by the FDM process will possess the desired 
mechanical properties and are manufactured with less cost and in less time and they can be installed as the normal propellers and 
can be used. 
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1. Introduction 
The propellers are usually made of aluminium and stainless steel. This is usually preferred because of their 
mechanical properties and also anti-corrosion properties.  
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These propellers can be used for both aircraft and for marine vehicles.These propellers are of heavy weight which is 
an undesirable quality. These propellers can be replaced by a propeller made of a polymer which satisfies the 
mechanical properties of these widely used propellers, the material or the polymer is nylon 6 clay hybrid polymers. 
These polymers can be prepared by the one pot synthesis of nylon 6 clay hybrid by using various acids in addition to 
that of the raw materials. This polymer contains clay content in it which further increases the mechanical properties 
in the propeller. The polymer propeller not only satisfies the desired mechanical properties of conventional 
propellers but also overcomes the undesired quality of conventional propellers. It reduces the weight of  the 
propellers due to its weight to strength ratio. The propellers can be designed for an aircraft. The propellers are 
designed from the analysis made on the momentum theory made from the thrust equation and Bernoulli’s equation 
for upstream and downstream of the propellers.  The propellers which are designed is analyzed based on its 
mechanical properties and required conditions of an aircraft. The analyzed propellers made of nylon 6 clay hybrid 
polymers can be manufactured by Fusion Deposition Modeling (FDM), which has a high accuracy in the 
manufacturing and increase the production.  
 
2. Design of propeller 
2. 1. Basic design of propeller 
Any component which is designed has some criteria in their dimensions. The propeller has differs in dimensions 
of the radius or diameter, pitch, weight, pitch advance in one revolution. The propeller diameter can be defined as 
the distance across the imaginary circle that a propeller makes while spinning. The pitch of the propeller can be 
defined as theoretical forward movement for one revolution, in which the prop slip is not assumed to occur. The 
pitch in the propeller varies from one point to another. The pitch can be varied based on the mechanical properties of 
the propeller material like weight, tensile strength, shear stress, thermal stability, etc. The diameter of the shaft 
connected to the propeller is also proportional to the diameter of the propeller. The efficiency is mainly dependent 
on the diameter of the propeller. The basic propeller design is represented diagrammatically figure1.   
 
 
 
                                              
Fig 1. Basic design of propeller 
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Table1.  Basic types of propeller design 
S.no Propeller shape                                                             Images 
1 Fig 2. (a) shows the basic 
propeller design. 
                                Fig 2. (a) Basic propeller design 
2 Fig 2. (b) shows the 
design same as the 
previous propeller but 
uncut and longer in 
design. 
                          Fig 2. (b) Basic propeller with uncut ends 
3 Fig 2. (c) shows the  
propeller longer than the 
first propeller but more 
rectangular blade surface. 
                    Fig 2. (c) Basic propeller with rectangular blade surface 
4 Fig 2. (d) shows the  
propeller longer and 
slender than the first 
propeller and with more 
twists. 
 
                          Fig 2. (d) Basic propeller with more twists 
 
1082   V. Jaiganesh et al. /  Procedia Engineering  97 ( 2014 )  1079 – 1088 
2. 2.  Design of propeller 
Several numbers of blades can be present in a propeller. But the designs that are previously mentioned consists of 
only two propellers. The efficiency of the propellers also depends upon the number of propellers. The number of 
blades that a propeller could have is two, three, four, five, six and it goes on as per the requirement. The propeller 
that is designed for the analysis and simulation are done with a basic design of the propeller with two blades. During 
the design the thrust of the apparatus can be measured by various methods. The thrust developed by propellers vary 
as a function of many factors such as speed, span, chord, twist, pitch, taper ratio. The speed of the propeller varies 
with the pressure on the wing. The wing of any aircraft is to be designed such that the pressure in the upper side of 
the wing is to be lower than the atmospheric pressure and the pressure in the lower side of the wing should be equal 
to the atmospheric pressure or greater than the atmospheric pressure. Speed of the wing also depends on the 
pressure. The lift and drag of the aircraft also depends on the pressure and the speed of the aircraft. When the speed 
of the wing is increased, the lift and drag of the propeller is also increased. The blade propeller of the aircraft is also 
called as the reducing wing. It is called because they are similar to that of the wing in its shape but they reduced in 
length, breadth and depth in its dimensions. If the blade has to use its rotation to produce the thrust in the aircraft, 
the blades of the propeller should be twisted to an angle to the plane of rotation, which is called as the angle of 
blade. The varying conditions in the aircraft which arises during flight determines the maximum operating efficiency 
of the propeller. The 2D diagram of designed propeller is represented in Fig 3.  
 
                                                                 Fig 3. 2D Design of propeller 
 
The diameter of the propeller is taken as 4 feet and the diameter of the hub for the propeller shaft is taken as 
4.8inches. The diameter of the propeller and the diameter of the propeller shaft are in a ratio of 9.6. The value of 
diameter of propeller is 1200mm and the value of diameter of propeller shaft is 125 mm. The ratio varies for each 
propellers, the variation is based on the thrust of the aircraft. The propeller is first designed in 2 dimensions with 
these dimensions in a 2D CAD software like AutoCAD. The propeller is then designed in 3dimensional view with a 
3D modeling software like Pro Engineer, Catia, Solid Works, NX Cad, etc. The propeller designed here is done in 
Pro Engineer. The design in the three dimensions allows us to see the twists present in the propeller.  The designed 
3D model of the propeller is shown in the Fig 4. After the propeller is being designed in the 3D modeling software, 
it is then analyzed using analysis software, Ansys. 
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Fig 4. 3D design of propeller 
 
 
3. Material for propeller 
3. 1. Preparation of nylon 6-clay hybrid polymers 
Nylon 6 (polycaploractam) is a commonly used engineering polymer which has good mechanical properties. It 
has been reinforced by glass fiber or other inorganic materials successfully. The polymer and additives are not 
homogeneously dispersed at the microscopic level in these reinforced composites.. If the dispersion could be 
achieved at the microscopic level, the mechanical properties would be expected to be further improved and/or new 
unexpected features might appear. Clay mineral is composed of layered silicates and hence they form a potential 
candidate for the additive. The thickness is 10A and undergoes intercalation with organic molecules. The nylon 6 
clay hybrid polymer can be produced by one pot synthesis of nylon 6 clay hybrid polymers. The production is done 
by the synthesis of the ε-caprolactum, phosphoric acid, benzenesulfonic acid, isophthalic acid, hydrochloric acid, 
trichloroacetic acid acetic acid and also 6-aminocaproin acid. [10] A conceptive picture of polymerization on the 
presence of clay is explained in the Fig 5.  
 
 
 
Fig 5. Conceptive diagram of polymerization on the presence of clay [3] 
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3. 2. Materials 
   Montmorillonite with a cation exchange capacity of 119 milli equivalents/100g is used for the production of the 
polymer. Montmorillonite is a fine sheet-like particle with a dimension of about 0.1 pm in length, 0.1 pm width and 
10A in thickness. Some inorganic and organic material could be used. 
  
3. 3. Preparation of 12-montmorillonite 
    25 g of montmorillonite and 1.75 1 of water should be first mixed in an electric mixer. If the mixture was stirred 
at 5000 rpm for 5 min, an aqueous suspension of clay could be obtained.  12.8g of 12-aminolauric acid and 6 ml of 
hydrochloric acid should be then added to the suspension and the mixture is further stirred at 5000 rpm for 5 min. 
The product should be filtered, washed with 1 l of water, freeze-dried and dried in vacuum at 100*C, which is 
finally yielded and dried in vacuum at 100*C, which finally yields intercalated montmorillonite with 12-aminolauric 
acid (termed as 12-montmorillonite).  
 
3. 4. Preparation of hybrid and polymerization 
    The reaction vessel composes of a 500 ml-three necked separable flask with a mechanical stirrer. In this vessel, 
113 g of ε-caprolactam and 5.97 g of 12-montmorillonite should be placed. The mixture can be heated at 100*C in 
an oil bath with continuous stirring for 30 min. The temperature should be then elevated to 250*C and maintained 
for 48 hrs. After allowing it to cool, the product should be mechanically crushed. The finely divided particles should 
be then washed with 21 of water for 1hr. Drying at 80*C will yield a nylon 6-clay hybrid (termed as NCH). Nylon 
6-clay composites (termed as NCC) are prepared by blending commercial nylon-6 and montmollironite in an 
extruder. When ε-caprolactam (mp 70*C) and 12-montmorillonite were heated at 100*C  under stirring, the mixture 
will yield a viscous dispersion. Interlayer distance in the suspension may be 40A as compared to 17A for 12-
montmorillonite. This indicates that the monomer was intercalated into the silicates. Interlayer distance (D), could 
be directly obtained in XRD diagrams. [10] Table.2 shows the interlayer distance, (D), obtained by XRD and TEM. 
The interlayer distance values will agree very well. Interlayer distance will be inversely proportional to the 
montmorillonite content. A maximum interlayer distance of 214 A can be observed. The thickness of a layer of 
silicate should be about 10 A. This is of the order of molecular-size and therefore could be thought to be an 
"inorganic macromolecule" so that in NCH, the polymer and montmorillonite are mixed at a molecular level 
forming a "polymer based molecular composite". If the interlayer distance in the NCC was 12A it is not a 
"nanometer composite”. [3] 
 
3. 5. Properties 
    The elastic modulus (E) which was obtained at 10Hz between -150*C and 250*C. The modulus of NCH-5 
exceeded those of NCC-5 and nylon 6 in all the region of temperature. The modulus of NCH-5 was found to be 
more than twice that of other specimens around 120*C. Mechanical properties of NCH-5, NCC-5 and nylon 6 are 
shown in Table 3. The tensile strength and tensile modulus of NCH was always superior to others. Impact strength 
of NCH was comparable to that of nylon 6.[3] The most prominent effect was observed in heat distortion 
temperature (HDT).Heat distortion temperature can be also called as heat deflection temperature. The heat distortion 
temperature is the temperature at which the material or the polymer undergoes deformation under a specified load. 
The heat distortion temperature increases with decrease in loads. If the load applied is decreased, the temperature 
increases further. 
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Table. 2       Interlayer distances of NCH’s 
Specimen Montmorillonite 
        (wt%)  
Distance 
   (X-ray, A)  
Distance 
   (TEM, A) 
NCH-5 4.2 >150 214 
NCH-10 9.0 121 115 
NCH-15 14.5 64 62 
NCH-30 25.0 51 50 
NCC-5 5.0 12  
 
 
Table 3         Properties of NCH’s (1) 
Specimen Montmorillonite 
        (wt%) 
Tensile strength 
(MPa) 
Tensile modulus 
(GPa) 
Charpy impact strength 
(KJ/m2) 
NCH-5 4.2 107 2.1 6.1 
NCC-5 5.0 61 1.0 5.9 
Nylon 6 0 69 1.1 6.2 
 
 
Table 4         Properties of NCH’s (2) 
Specimen Montmorillonite 
       (wt%) 
HDT at 18.5kg/cm2 
    (*C) 
Rate of water 
absorption 23*C,1 
day 
  (%) 
Coefficient of 
thermal expansion 
in flow direction 
(cm/cm*C) 
Coefficient of 
thermal expansion 
in perpendicular 
direction 
(cm/cm*C) 
NCH-5 4.2 352 0.51 6.3×10-5 13.1×10-5 
NCC-5 5.0 89 0.90 10.3 13.4 
Nylon 6 0 65 0.87 11.7 11.8 
 
Heat Distortion Temperature of NCH-5 containing only 4 wt% of montmorillonite was obtained as 152, which was 
87 higher than that of nylon 6. This effect in NCH is a drastic improvement in the quality of nylon 6. The property 
of resistance to water was also improved. The rate of water absorption in NCH was lowered by 40 % as compared to 
nylon 6 and NCC. The molded specimen was found to be anisotropic. The coefficient of thermal expansion of  
NCH-5 in the flow direction was lower than half of that in the perpendicular direction. Nylon 6 was isotropic and 
NCC was intermediate. Sheets of silicate were parallel to the flow direction of the mold. The polymer chains were 
also oriented in the same direction. Excellent properties in NCH can be considered to have origin in an enormous 
surface area and ionic bonds between the organic polymer and inorganic silicate sheets. [1] 
 3. 6. Advantages of nylon 6-clay hybrid polymer aircraft propeller 
x It has good mechanical properties when compared to conventional metal propellers. 
x It has high  strength to weight ratio and thus the weight of the propeller can be reduced to a higher amount         
        without compensation in its mechanical properties. 
x The life period of the nylon 6 clay hybrid propeller is high because of its fatigue properties. 
x It is not subjected to distortion due to impact loading of light weights. 
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4. Analysis of the propeller 
   The propeller could be analyzed in some analysis software like Ansys or NX nastran. These softwares are chosen 
because they are all been processed based on the method called Finite Element Method (FEM) or the process is also 
known as Finite Element Analysis (FEA). The software which uses this method is chosen because it discretizates  or 
divides the whole component into finite number of parts and then analyzes for each and every part. Due to the 
method of analyzing by fine element method, the accuracy is increased. 
   During the analysis the value of the Young’s modulus of the material and the density of the material is substituted. 
The value for the young’s modulus could be calculated from the tensile strength of the material of the propeller. The 
discretization which is commonly called as meshing is done, which separates the component into about a thousand 
components and then analyzed. 
   The analysis can be done to obtain the value of stresses at various sections of the propellers and also the 
deformation that happens to the propeller while the propeller is running. Both the stresses and the deformation can 
be obtained for all the directions which are called as components which are x, y, z. The analysis is done based on the 
running conditions of the propeller. The simulation of stress analysis can be done by removing the two propellers 
and then analysing. In the pictorial representation the different values of the stresses are represented in different 
colours like red, blue, yellow and also green. The uses of these colours are for the better explanation. The maximum 
and the minimum values of the stresses can be obtained. A comparison can be done between the propeller made of 
nylon 6 clay hybrid polymer and that of aluminium. 
  The simulation of the deformation can also be done. The maximum and the minimum values of the deformations 
can also be obtained. The average value of deformation can also be obtained. The deformation analysis of nylon 6-
clay hybrid polymer propeller can be obtained A comparison has been done between the propeller made of nylon 6 
clay hybrid polymer and that of Aluminium. The mesh view of the nylon composite aircraft propeller is explained in 
the Fig 6. 
                
 
                                                       Fig 6. Mesh view of nylon composite aircraft propeller   
 
After the meshing is done, the entire component is converted into finite elements. Each element can be analyzed for 
their properties like warp factor, minimum and maximum angle quad, aspect ratio and normalized value and they 
can also be represented as a graph. These values are also known as quality values. The quality value of an element in 
the component of the nylon composite aircraft propeller is explained diagrammatically in the Fig 7(a). The 
Minimum Angle Quad. (deg) value of an element in the component of the nylon 6 clay hybrid composite aircraft 
propeller is explained graphically in the Fig 7(b).     
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Fig 7(a). Quality values of an element in the component of propeller                  Fig 7(b). Graphical view of Min. Angle Quad of the element  
5. Fused deposition modeling (FDM) 
   Fused Deposition Modelling (FDM) is a filament based rapid prototyping system process. It allows to build the 
component by selective layer on extruding a semi-molten polymer composite. The FDM process is assisted by a 
computer which posses the 3D CAD design. The change in the tensile strength of the propellers during 
manufacturing can occur based on the x, y, z directions material addition. The nylon composite propellers 
manufactured by the FDM process will possess the desired mechanical properties and are manufactured with less 
cost and in less time and they can be installed as the normal propellers and can be used. Fused Deposition Modelling 
(FDM) process is a process in which a movable (x-y movement) nozzle which is present on to a substrate deposits 
the thread of molten polymer material. The build material is then heated slightly above (approximately 0.5 C) its 
melting point temperature so that it will be able to solidify in a short time (approximately 0.1 s) after the small 
extrusion process and cold-welds to the previous layer of the component.[2] There are several important factors that 
are needed to be considered and they are material extrusion rates and steady nozzle, addition of support structures 
for the speed of the nozzle head and overhanging features, which affects the thickness of the slice. Recent Fused 
Deposition Modelling systems include two nozzles, one for part material and the other for the support material. The 
support material is usually made of low quality and they can be broken easily if the complete part is deposited and is 
easily removed from substrate. The working of manufacture by Fused Deposition Modelling (FDM) is illustrated in 
a diagrammatic representation in Fig 8.  
 
 
                                                      Fig 8. Working of Fused Deposition Modeling (FDM) [2] 
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   This is most suited because it is material forming process in which the control is very easy and the accuracy is 
very high. The manufacturing process is assisted by the 3D CAD software which contains the design of the 
propeller. The programming is done to manufacture, the programming is done based on the design of the propeller. 
The programmed process could be allowed to run a few times in the virtual simulation system or software. This 
simulation will show the finished products virtually. After the program is checked several times, the propeller which 
is designed could be manufactured. The manufactured propeller could be tested in its mechanical properties in some 
testing machines. The manufacture of the propeller is very easy because the material which is placed over the 
platform is easily adjustable in two directions and they can be controlled with electronic sensors being assisting the 
movement of the platform. The molten material is allowed to harden after the manufacturing is done; this process is 
done to increase the strength of the propeller. During the manufacture there may be an error in the manufacturing 
compared with the 3D CAD software designs. This error can be determined by a complicated process which is Part 
Build Orientations Based on Volumetric Error in Fused Deposition Modeling (FDM). [8] The error happens in the 
volume content of the manufactured product. The mechanical properties of the manufactured part could be obtained 
by the Ultem. The parts after they are manufactured they are build with strasys, they show the different stress and 
strain properties for the given structure.  
6. Conclusion 
The presence of propellers in aircraft is very much necessary for the aircraft to function, the use of high grade 
aluminium alloys for the production of propellers has also contributed a lot to the world but it has been found that 
replacing the high grade aluminium alloys with nylon 6-clay hybrid polymers more desirable mechanical properties 
could be obtained for the propellers. This result is obtained after analyzing the propeller of an aircraft made of nylon 
6-clay hybrid polymers in analysis software called ANSYS. This virtual analysis gives a result which has a good 
approximation. Thus the material used for manufacturing the propellers can be changed. The method of 
manufacturing can be done by Fused Deposition Modelling (FDM) which is best suited for the manufacture of the 
propellers. Thus the production could be increased easily accompanied by high accuracy. 
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